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Abstract

Thrombosis is a leading cause of morbidity and mortality in the United States. Arterial and venous 

thromboses are implicated in the pathogenesis of major disorders, including myocardial infarction, 

ischemic stroke, and venous thromboembolism. Over the past decade, direct oral anticoagulants 

(DOACs) (eg, direct thrombin inhibitor and factor Xa [FXa] inhibitors) have been adopted as 

alternatives to warfarin due to their clinical advantages and efficacy for the treatment of 

thrombosis. As with all anticoagulants, treatment with DOACs is associated with a risk of major 

bleeding, including life-threatening gastrointestinal bleeds and intracranial hemorrhages (ICHs). In 

turn, the burden of bleeding associated with DOAC treatment is itself associated with substantial 

healthcare costs that are amplified by an increased risk of thromboembolic events and mortality 

following major bleeding events, especially in patients with ICHs. Given the rapid adoption of the 

DOACs and projected usage in the large patient population affected by thromboembolic 

conditions, clinicians are increasingly likely to encounter patients with major bleeding events due 

to DOAC therapy. Unlike warfarin, effective strategies to manage these bleeds are limited. There is 

an unmet need for reversal agents for use in the management of patients who receive FXa 

inhibitors and experience life-threatening bleeding or need emergency surgery. Andexanet alfa and 

ciraparantag are being evaluated as potential antidotes for both direct and indirect FXa inhibitors.

“If given a choice between bleeding and thrombosis, treat bleeding. It’s easier.”

—Anonymous hematologic axiom

Expert Opinion

As part of the physiological aging process, the human body experience age-related changes 

in the hemostatic system that ca lead to an imbalance between the 2 extremes of bleeding 
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and thrombosis. These changes result in a heightened procoagulant state and enhanced risk 

for thromboembolic conditions. In 1856, Virchow described the mechanisms underlying 

thrombosis as involving a pathologic triad of stasis, endothelial cell injury, and 

hypercoagulability.1 Both arterial and venous thromboses are implicated in the pathogenesis 

of major disorders that include ischemic stroke and venous thromboembolism (VTE, 

including deep vein thrombosis [DVT] and pulmonary embolism [PE]).2 Thrombosis is a 

leading cause of morbidity and mortality in the United States and worldwide.3–6

For more than 50 years, oral anticoagulant therapy with warfarin has been used for the 

treatment and prevention of VTE and for the prophylaxis of stroke in patients with atrial 

fibrillation (AF). This vitamin K antagonist (VKA), or coumarin class anticoagulant, was 

first discovered in spoiled sweet clover ingested by Wisconsin cows and then used as a 

rodenticide. Warfarin was subsequently synthesized and tested in humans starting in the 

1950s.7 Although VKAs proved to be very effective drugs, reducing the risk of stroke in 

patients with AF by two-thirds, they are associated with several clinical limitations.8 

Treatment with coumarins requires frequent blood testing (eg, prothrombin time and 

international normalized ratio [INR]). Warfarin dosage adjustments are needed to maintain 

patients within the therapeutic INR range.7,9 Medication noncompliance and genetic 

variations in coumarin metabolism can lead to difficulties in achieving and maintaining 

therapeutic INR levels. Furthermore, coumarins are associated with multiple drug 

interactions and dietary restrictions, and alcohol consumption may interfere with warfarin 

metabolism and availability.10–13

Over the past decade, direct oral anticoagulants (DOACs) have been adopted as alternatives 

to VKAs because they are more convenient (ie, no requirement for routine blood tests) and 

maintain their effectiveness in thrombosis reduction.14,15 These novel compounds were 

discovered through research involving organisms that produce anticoagulants. A factor Xa 

(FXa) inhibitor was isolated from tick saliva and the first thrombin inhibitor, or inhibitor of 

factor IIa (FIIa), was isolated from leeches.16 The development of oral forms of these 2 drug 

classes launched a revolution in anticoagulation. Several clinical trials and meta-analyses 

showed the DOACs were clinically advantageous and at least as effective as warfarin, the 

primary VKA used in the United States.9,17–20 The proven efficacy of DOACs led to FDA 

approval of the direct thrombin inhibitor dabigatran (Pradaxa) and the FXa inhibitors 

rivaroxaban (Xarelto), apixaban (Eliquis) and edoxaban (Savaysa) for the treatment and 

prevention of thromboembolic events (Table 121–26).21–24 An additional DOAC (betrixaban) 

is currently in development.25,26

Compared with warfarin, DOACs are associated with a reduction in the occurrence of 

intracranial hemorrhage (ICH), a life-threatening complication of anticoagulant 

therapy.8,19,20,27 In addition, DOACs have the potential to help address an unmet clinical 

need among patients at risk for thromboembolic events: to advance the quality of 

anticoagulation therapy by offering an alternative to warfarin. Warfarin is underused, as the 

risk of thrombosis is often underestimated and treatment is inconvenient. Studies have 

shown that anticoagulant treatment is used in less than half of patients at risk for 

thromboembolic events (who have risk stratification scores indicating a need for 

anticoagulation).28–31
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Due to their ease of clinical use, DOACs are increasingly being prescribed instead of 

warfarin.20,32,33 However, as with all anticoagulants, DOACs are associated with a risk of 

life-threatening bleeding. Given their rapid adoption and their projected usage within the 

large patient population affected by thromboembolic conditions, clinicians are increasingly 

likely to encounter patients with major bleeding events due to DOAC therapy.20,33 And 

unlike warfarin, there is no approved reversal agent for FXa inhibitors.34 Thus, there is an 

unmet need for reversal agents to these anticoagulants for the management of life-

threatening bleeding or in the case of emergency surgery.20

In this review, we summarize the burden of thrombosis in terms of stroke and VTE and 

highlight indications for DOAC treatment of these conditions. We also discuss the DOAC-

associated bleeding burden and unmet needs for furthering this field of medicine.

Burden of Thrombosis

Venous Thromboembolism/Deep Vein Thrombosis and Pulmonary Embolism

VTE can be manifested as DVT, PE, or both. DVT most commonly presents in the lower 

extremities, although it can also affect the upper extremities. A PE is a potentially fatal VTE 

manifestation that results from thrombus embolization and subsequent migration to the 

lungs.6 VTE poses a substantial burden on healthcare systems worldwide, as it is associated 

with substantial morbidity and mortality and is the leading cause of preventable hospital 

death.3–6 Although the exact number of patients affected by VTE is unknown, in the United 

States, the CDC has estimated that between 350,000 and 900,000 people develop blood clots 

for the first time each year,35 numbers that exceed the estimated new cases for each of the 

top 10 cancers in 2016.36 In the United States alone, 60,000 to 180,000 deaths are directly or 

indirectly a result of DVT or PE. Modeling data suggest that as many as 300,000 VTE-

related deaths may occur every year.3,4,35,37 In Europe, however, there are approximately 

544,000 VTE-related deaths every year.38 The 30-day mortality rate among patients with 

VTE in the United States has been estimated at 10% to 30%, and sudden death occurs in 

20% to 25% of patients with PE.6

In the United States, 7.7 million to 8 million patients are at risk for developing VTE.28,39 

Older patients and those who have been hospitalized are at an especially high risk.6,28 

Worldwide, there are approximately 10 million cases of hospital-associated VTE every year, 

and up to 60% of these cases occur during or after hospitalization.2,3,40 In the United States, 

up to half of outpatient VTE occurrences can be linked to hospitalization, and the risk 

among hospitalized patients extends for at least 30 days and up to 3 months post 

discharge.6,41 Patients with VTE are also at increased risk of recurrence and comorbidities, 

including chronic thromboembolic pulmonary hypertension, postthrombotic syndrome, and 

complications of chronic venous insufficiency.6

VTE represents a substantial burden on the healthcare system in the United States: estimated 

annual healthcare costs for incident and recurrent cases of DVT or PE range from $7594 to 

$16,644 per patient.6 Given variations in the total projected VTE cases each year, 

approximations of expenditures in the United States related to VTE range from $2 billion to 

$10 billion annually.6 Healthcare systems have the potential to reduce the clinical and 
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economic burden associated with VTE by assessing a patient’s risk of thrombosis at the time 

of hospital admission and initiating antithrombotic therapy as appropriate.

Ischemic Stroke

In developed nations, ischemic stroke accounts for up to 85% of stroke incidence and 

approximately 15% to 30% of ischemic strokes are cardioembolic in origin.3,42 Additionally, 

up to 30% of cryptogenic ischemic strokes may be due to an occult cardiac source.42 AF is 

associated with an increase in the risk of ischemic stroke by a factor of 4 to 5, and cardiac 

embolism related to AF accounts for up to 15% of strokes in persons of all ages and 30% in 

persons older than 80 years.18 The aging population is at a higher risk of developing AF, 

which may lead to ischemic stroke. The risk of AF increases from 0.1% in adults younger 

than 55 years to 9% in adults 80 years and older.3 In 2008, the incidence of ischemic stroke 

was 545 per 100,000 in the Medicare population in the United States.3

Anticoagulant Therapy for Patients With VTE and Patients With AF

Anticoagulant therapy with warfarin and DOACs is approved for patients at risk of 

thromboembolic complications, such as ischemic stroke, and for prophylaxis and treatment 

of DVT and PE.10,14 Treating at-risk patients with appropriate anticoagulant therapy may 

reduce the incidence and frequency of hospital readmissions and thrombosis-related 

morbidity and mortality.3 In the United States, less than half (48%) of at-risk hospitalized 

medical patients receive VTE prophylaxis as recommended by evidence-based guidelines, 

despite the availability of oral and nonoral anticoagulants (eg, low-molecular weight 

heparin, unfractionated heparin, fondaparinux).28,29 Among patients with nonvalvular AF, 

41.3% who require stroke prophylaxis (by CHADS2 [congestive heart failure, hypertension, 

age, diabetes, stroke (doubled)] stroke risk score) are treated with anticoagulants. This 

treatment gap leads to approximately 200,000 unnecessary strokes each year in the United 

States.31

The mechanisms of action of various anticoagulants are shown in Figure 110,21–25,43. 

Warfarin inhibits vitamin K epoxide reductase, thereby reducing the level of clotting factors 

II, VII, IX, and X, and proteins C and S.10 In contrast, DOACs specifically target 

amplification steps in the coagulation cascade by inhibiting FXa or FIIa.21–24

DOACs: Advantages Compared With Warfarin

DOACs have predictable dose-dependent pharmacokinetics and pharmacodynamics and 

fixed dosing; routine monitoring of their anticoagulant activity is not required.8,19,44,45 

Unlike warfarin, DOACs have limited drug interactions and no food interactions. They also 

have a shorter half-life compared with VKAs and thus a relatively quick onset of 

anticoagulant activity.8,19,27,45

DOACs: Disadvantages Compared With Warfarin

Lack of Reversal Agent—For patients treated with warfarin, effective reversal agents are 

available for use (either prothrombin complex concentrates [PCCs] or fresh frozen plasma 

along with vitamin K).46 A reversal agent (idarucizumab) is also available for dabigatran, a 
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thrombin inhibitor47,48; however, there is no reversal agent currently approved for direct oral 

FXa inhibitors.46 Reversal agents could be needed in many of the approximately 84,000 

cases of oral FXa inhibitor-associated bleeding observed each year,49 a number that is likely 

to go up. Fueling this growth are the aging of the population (as the risk for thromboembolic 

conditions increases with age) and the increasing frequency of DOAC use; as the number of 

patients who are prescribed FXa inhibitors increases, so will the number of patients who 

need reversal agents.20,33,50

Current strategies to manage life-threatening bleeding in patients receiving oral FXa 

inhibitors and options for emergent anticoagulation reversal for invasive procedures are 

limited and will be described in more detail later in this article. Although DOACs may be 

associated with lower risks of ICH and major hemorrhage compared with warfarin, the 

inability to reverse these agents may cause providers to be hesitant to prescribe them, 

particularly in patients at higher risk of bleeding (eg, patients with higher HAS-BLED 

[hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, 

labile INR, elderly, drugs/alcohol concomitantly] bleeding risk scores).31

Lack of Laboratory Assay for DOAC Activity—Although patients treated with 

DOACs do not require routine coagulation monitoring, evaluation of anticoagulant activity 

may be desirable in certain clinical situations.51 For example, knowledge of whether the 

patient is in an appropriate therapeutic range may be useful when treating patients who 

cannot provide an accurate history of DOAC use, with suspected noncompliance, and with 

hepatic or renal insufficiency.52 Similarly, in situations where the degree of drug exposure is 

unknown and urgent reversal is required, fast and accurate laboratory indicators of 

coagulation status may be needed.51 Laboratory measures of coagulopathy may also be 

useful for selecting DOAC dosing regimens, particularly in obese patients for whom optimal 

dosing is not currently known.51

Chromogenic drug assays are available for dabigatran, apixaban, and rivaroxaban; however, 

these assays are performed only at select institutions or as part of clinical trials and the 

results are frequently not available within a clinically meaningful timeframe. Gold standard 

coagulation studies (ie, dilute thrombin time and ecarin clotting time for dabigatran; drug-

specific chromogenic anti-FXa activity for direct oral FXa inhibitors) are expensive and not 

currently available at most institutions.51,52

Drug Cost—When evaluating patient out-of-pocket drug costs, warfarin is a less expensive 

treatment compared with DOACs. However, this does not factor in the costs of laboratory 

tests and office visits associated with warfarin titration. Additionally, DOAC treatment is 

more effective at preventing thrombosis-related clinical events and thereby reduces overall 

healthcare costs. Multiple cost-effectiveness studies have favored DOACs relative to 

treatment with warfarin, although this benefit with DOACs for stroke prevention in 

nonvalvular AF may be smaller compared with quality warfarin anticoagulation 

management (ie, longer time spent within the recommended therapeutic INR range of 2–

3).53–59
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Rapid Adoption of DOACs

Physicians have been quick to employ DOACs in clinical practice; for example, DOACs are 

replacing warfarin for the treatment of VTE or stroke and systemic embolism prevention 

among patients with AF (Figure 233).32,33 An analysis of commercial and Medicare 

databases revealed that an estimated 2.9 million patients were treated with a direct FXa 

inhibitor in the United States in 2015.49 Although warfarin dominated the anticoagulant 

market from early 2014 through the end of 2015, dispensed prescriptions for rivaroxaban, 

apixaban, and edoxaban rose 73.6% and warfarin prescriptions decreased by 10.9%.32

As the risk for thromboembolic conditions increases with age, and as the population ages in 

the United States, the use of FXa inhibitors will become more prevalent. Given the rapid 

adoption of DOACs and their projected usage increase in the large patient population 

affected by thromboembolic conditions, clinicians are increasingly likely to encounter 

patients who are receiving treatment with these anticoagulants and must be prepared to 

address bleeding.20,50

Risk of Bleeding Associated With DOACs

Epidemiology of Bleeding

DOACs have demonstrated efficacy in VTE treatment and stroke prevention; however, their 

treatment is associated with a risk of bleeding, including life-threatening gastrointestinal 

(GI) bleeds and ICHs. Data from clinical trials and real-world analyses have consistently 

shown major bleeding in approximately 3% to 4% of DOAC-treated patients.9,60,61

Based on an analysis of data from the Dresden registry and the registry of the Department of 

Defense of the United States, the rates of major bleeding ranged from 2.9% to 3.4% per year 

with rivaroxaban treatment.60,61 In addition, in clinical trials of patients with AF receiving 

DOAC treatment, 1.6% to 3.6% of patients experienced major bleeding per year8,18,19,27,62 

and trials investigating the efficacy of DOACs as VTE prophylaxis and treatment reported 

major bleeding rates ranging from 0.47% to 1.6%.44,63–70 In clinical trials of patients treated 

with DOACs, ICHs accounted for approximately 13% of major bleeds in DOAC-treated 

patients, with rates ranging from 8% to 16%, and GI bleeds accounted for up to 56% of all 

major bleeding events (Figure 38,18,19,27,44,62–67,71).8,18,19,27,44,62–67,71

An analysis of data from the Marketscan Commercial and Medicare database from January 

1, 2011, to December 31, 2014, showed that of approximately 93,000 patients with AF 

treated with FXa inhibitors, approximately 3100 patients (3.3%) were hospitalized for 

DOAC-associated major bleeding events. GI bleeding was the predominant type of bleed, at 

57.6%, whereas ICHs represented 9.1% of total bleeds.49,72 A total of 85.8% of patients 

hospitalized for major bleeding were treated with rivaroxaban and 14.3% received 

apixaban.72 The hospitalization and bleeding rates associated with rivaroxaban and apixaban 

may have been influenced by the dates of FDA approval of these drugs. Rivaroxaban (2011) 

received FDA approval prior to apixaban (2012) and thus had a head start in terms of clinical 

use.22,23
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Another analysis of data from the Marketscan Commercial and Medicare database showed 

that of the 2.9 million patients treated with FXa inhibitors in 2015, approximately 84,000 

patients (2.9%) had bleeding-related inpatient admissions.49 Given the rate of major bleeds 

that are ICHs (13%), this admission rate suggests that more than 900 ICHs associated with 

FXa inhibitors occur each month in the United States. Notably, though, based on the results 

of randomized controlled trials, the rates of major bleeding and ICHs with DOACs are 

similar, even significantly lower in some cases compared with warfarin (Table 

28,18,19,27,44,63–70,73,74).8,18,19,27,44,63–70,73,74 However, secondary outcome results of these 

randomized trials suggest that certain DOACs (including rivaroxaban, high-dose dabigatran, 

and high-dose edoxaban) may be associated with a higher risk of GI bleeding compared with 

warfarin.18,27,74

Mortality and Complications Associated With Major Bleeding

Major bleeding events are associated with an increased risk of mortality, and 30-day 

mortality rates after major bleeding are especially high for patients with ICHs—up to 45% 

(Figure 4A75).75 In a meta-analysis of 10 clinical trials involving the use of DOACs for the 

treatment of VTE (manifested as DVT or severe PE), an adjusted case fatality rate of major 

bleeding events was observed among patients receiving DOAC treatment compared with 

10% among patients receiving standard treatment. Of all DOAC-related major bleeds, ICHs 

accounted for 11% and was associated with a 4-fold increased risk of mortality compared 

with extracranial major bleeds.62

Across 3 pivotal controlled clinical trials of DOACs for the prevention of stroke in patients 

with AF, the mortality rates due to major bleeding events among patients with AF ranged 

from 0.30% to 0.38%.8,18,27 In the ARISTOTLE trial, 0.57% of patients treated with 

apixaban experienced an ICH event and 1.16% of patients had major GI bleeding.8 Among 

patients with non-ICH major bleeding, 8.9% treated with apixaban and 9.5% treated with 

warfarin died within 30 days of the bleeding event. This corresponded to a 12-fold elevation 

in the risk of death or thromboembolic event during the 30 days following major non-ICH 

bleeding. The risk of 30-day mortality was substantially higher in patients with ICHs, as 

45.3% of patients treated with apixaban who experienced an ICH died within 30 days of the 

bleeding event.75

In the ENGAGE AF-TIMI 48 study, an ICH occurred in 0.39% of patients who received 

high-dose edoxaban and in 0.26% of patients treated with low-dose edoxaban. Fatal ICH 

events occurred in 0.15% and 0.08% of patients treated with high-dose and low-dose 

edoxaban, respectively. The annual rate of GI bleeds was 1.51% in patients treated with 

high-dose edoxaban compared with 0.82% in patients treated with low-dose edoxaban.27

In the ROCKET AF trial, 0.8% of rivaroxaban-treated patients had an ICH (defined as any 

primary bleed into the cranial cavity). Events of major bleeding in a GI site occurred in 3.2% 

of patients treated with rivaroxaban.18 Among patients with ICHs, 43% did not survive the 

first 30 days after the event; at 90 days, roughly half (49%) had died.76

In a retrospective chart review study, data were collected from patients treated with an FXa 

inhibitor and admitted with a serious life-threatening acute major bleeding event between 

Milling and Frontera Page 7

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



January 2014 and April 2016 across 5 medical centers.77,78 Among 56 patients, the overall 

mortality rate at 30 days after discharge was 21.4%. For patients admitted with ICH (n = 

19), the mortality rate at 30 days was 36.8%.77 For patients admitted with GI bleeding (n = 

29), the mortality rate 30 days after discharge was 13.8%.78

Patients who experience a major bleed are also at higher risk of developing subsequent 

thromboembolic events.60,75,79,80 The results of an ancillary study of the ARISTOTLE trial 

showed a marked increase in the 30-day risk of thromboembolic events (ischemic stroke or 

myocardial infarction [MI]) following a major bleed in patients taking apixaban or warfarin 

(Figure 4B75).75 An analysis of trial data from the ROCKET AF trial revealed a rate of 

thromboembolic events (stroke, systemic embolism, MI, unstable angina) of 7.2% following 

major bleeds in patients taking rivaroxaban (Figure 4C60,71,81).71 A review of data from the 

Dresden registry showed that 5 patients taking rivaroxaban experienced thromboembolic 

events (ischemic stroke, cardiac death, MI, and ischemic attack) within 35 days of a major 

bleed (Figure 4C60,71,81).60 Analysis of data from a different registry revealed a VTE event 

rate of 12% within 30 days of a DOAC-associated major bleed (Figure 4C60,71,81).81 These 

studies did not report whether recurrent thromboembolic events occurred on or off 

anticoagulation.

Burden of Bleeding

The retrospective chart review study evaluated the burden of disease and resource utilization 

associated with current strategies for the management of major bleeding.77,78 Among 56 

patients treated with an FXa inhibitor and admitted with major bleeding, 24 (43%) received 

various factor or plasma products and the remainder received supportive care.77,78 The use 

of healthcare resources was substantial, with patients primarily admitted to intensive 

inpatient settings and seeing a median of 4 physician specialists. No significant differences 

in resource utilizations and outcomes were observed between patients receiving factor or 

plasma products versus supportive care.

An analysis of data from the Marketscan Commercial and Medicare database from January 

1, 2011, to December 31, 2014, offered insight into the burden of healthcare costs associated 

with major bleeding in patients with AF.72,49 Among all hospitalizations for major bleeding 

events, independent of bleed location, the average patient hospitalization stay lasted 10 days 

and the mean total healthcare costs for patients with major bleeding was estimated at 

$58,169. In contrast, the mean hospital payments for ICHs and GI bleeds were $45,447 and 

$19,819, respectively.72 Total all-cause healthcare costs were higher during the 12 months of 

follow-up for patients with AF with major bleeding compared with patients without major 

bleeding ($63,866 vs $37,916; P <.001).72,49

These retrospective analyses show that the burden of bleeding associated with DOAC 

treatment is substantial and that there is an unmet need for reversal agents for use in the 

management of patients who receive FXa inhibitors and experience life-threatening bleeding 

or need emergency surgery.20
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Management of Major Bleeding Associated with DOACs

Current Management Strategies

Specific treatment options are needed for patients taking a DOAC who experience major 

bleeding. Idarucizumab is a humanized monoclonal antibody indicated for reversal of the 

anticoagulant effects of dabigatran.47 Among 494 patients with dabigatran-related life 

threatening or uncontrolled bleeding or those who required urgent procedures, idarucizumab 

successfully reversed the anticoagulant effect of dabigatran within the first 4 hours (median) 

after administration.48,82 There are no specific reversal products currently available for the 

direct oral FXa inhibitors.

Current treatment strategies for patients with life-threatening bleeding associated with oral 

FXa inhibitors include PCCs or activated prothrombin complex concentrates (aPCC; factor 

VIII inhibitor bypassing activity [FEIBA]). However, PCCs and aPCCs are potentially 

prothrombotic agents, are not specific antidotes for oral FXa inhibitors, and are currently not 

approved for the treatment of FXa inhibitor-associated bleeding. Furthermore, the data 

supporting their use in this context are limited to animal and healthy volunteer studies that 

primarily evaluated laboratory parameters; there are no efficacy data in patients with FXa 

inhibitor-associated bleeding.34,46,51,83

Investigational Reversal Agents for FXa Inhibitors

Although no reversal agent is currently FDA-approved for FXa inhibitors, andexanet alfa 

and ciraparantag are being evaluatedin clinical trials.84–86

Andexanet Alfa—Andexanet alfa is a human recombinant FXa decoy molecule that is 

catalytically inactive and sequesters FXa inhibitors through high-affinity binding. Based on 

its mechanism of action, andexanet alfa is a potential antidote for direct and indirect FXa 

inhibitors. The results of multiple phase 2 studies have demonstrated the ability of andexanet 

alfa to reverse the anticoagulant effects of rivaroxaban, edoxaban, apixaban, enoxaparin, and 

betrixaban in healthy subjects.84,87–91 Further, the ANNEXA-A and ANNEXA-R phase 3 

clinical trials demonstrated the clinical efficacy of andexanet alfa in 101 healthy volunteers. 

In these trials, andexanet alfa rapidly reversed the anti-FXa activity of apixaban and 

rivaroxaban (within 2 to 5 minutes) and restored thrombin generation without serious 

adverse events or clinical thrombosis. Subjects who received the full dose of andexanet alfa 

(either as a bolus dose or a bolus plus a 2-hour infusion) had at least 80% reversal of anti-

FXa activity.85 Andexanet alfa normalized thrombin generation within 2 to 10 minutes after 

bolus administration in 100% of apixaban treated subjects and 96% of rivaroxaban treated 

subjects. Reversal of anti-FXa activity and normalization of coagulation parameters were 

sustained for the duration of infusion.85

Interim results from the ongoing phase 3b/4 ANNEXA-4 trial have further demonstrated the 

efficacy and safety of andexanet alfa in the reversal of FXa inhibitor activity. This study 

evaluated andexanet alfa in 67 patients who experienced acute major bleeding following 

treatment with FXa inhibitors (apixaban, rivaroxaban, or enoxaparin).86 The administration 

of andexanet alfa as an intravenous bolus followed by a continuous infusion resulted in rapid 
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reversal of FXa inhibitor activity. Among patients evaluated for efficacy, at 12 hours post 

infusion, 79% had achieved hemostasis rated as excellent or good; 84% of patients with GI 

bleeding and 80% of patients with ICH achieved excellent or good hemostatsis.86 At 30 days 

of follow-up, 18% of the patients in the safety population experienced a thromboembolic 

event and 15% died.87 In this analysis, anticoagulation was restarted in 27% of patients 

within 30 days; however, only 1 of 12 patients with a thromboembolic event was restarted on 

a therapeutic dose of an anticoagulant.86 A recent update to the ongoing ANNEXA-4 trial in 

105 patients reported a 12% rate of thromboembolic events; the rate of restarting some form 

of anticoagulation therapy was 40%.92

Ciraparantag—Ciraparantag (aripazine, PER977) is an investigational reversal agent that 

binds several direct FXa inhibitors (apixaban, rivaroxaban, and edoxaban), the direct 

thrombin inhibitor dabigatran, and low molecular weight heparin. Although the mechanism 

of action is not well understood, ciraparantag binds to a range of anticoagulants through 

noncovalent hydrogen bonding and charge-charge interactions; the resulting ciraparantag/

anticoagulant complex prevents the anticoagulant from binding endogenous targets and 

restores coagulation.93–95 The whole blood clotting time assay is used to monitor the activity 

of ciraparantag in clinical trials, as the agent interferes with the assay reagents in available 

routine coagulation tests (ie, prothrombin test, anti-FXa assays).93

In a placebo-controlled phase 1/2 study, ciraparantag reversed edoxaban-induced 

anticoagulation in 80 healthy patients. Edoxaban administration increased the mean whole 

blood clotting time by a mean of 37% over patient baseline (pre-anticoagulant level). 

Ciraparantag was administered intravenously at doses from 100 to 300 mg, and within 30 

minutes, the mean whole blood clotting time was reduced to less than 10% above baseline 

value. In comparison, patients treated with placebo required 12 to 15 hours for the whole 

blood clotting time to reach these levels. Reversal of anticoagulation was sustained for 24 

hours following ciraparantag administration.94,95

Summary

The efficacy profiles of DOACs, including FXa inhibitors, are well established, and these 

treatments are associated with a number of clinical advantages. However, as with any 

anticoagulant, their use brings with it a risk of bleeding and increased healthcare resource 

utilization and costs. Also, mortality rates associated with DOAC-related major bleeding 

remain high, especially among patients who experience ICHs, and the lack of specific 

reversal agents complicates the management of bleeding among patients taking direct oral 

FXa inhibitors, in particular. For clinicians, including managed care stakeholders and others 

involved in population-based care, addressing the unmet need for a reversal agent for the 

management of FXa inhibitor-associated bleeding represents an opportunity to improve 

patient care and outcomes, as well as reduce healthcare utilization and cost.

Acknowledgments

Funding source: This publication was sponsored by Portola Pharmaceuticals.

Milling and Frontera Page 10

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Virchow, RLK. Thrombose und Embolie. Gefässentzündung und septische Infektion. Gesammelte 
Abhandlungen zur wissenschaftli-chen Medicin. Frankfurt am Main: Von Meidinger & Sohn; 1856. 
p. 219-732.Translation in Matzdorff AC, Bell WR. Thrombosis and Embolie (1846–1856). Canton, 
MA: Science History Publications; 1998. ISBN 0-88135-113-X

2. ISTH Steering Committee for World Thrombosis Day. Thrombosis: a major contributor to the global 
disease burden. J Thromb Haemost. 2014; 12(10):1580–1590. DOI: 10.1111/jth.12698 [PubMed: 
25302663] 

3. Wendelboe AM, Raskob GE. Global burden of thrombosis: epidemiologic aspects. Circ Res. 2016; 
118(9):1340–1347. DOI: 10.1161/CIRCRESAHA.115.306841 [PubMed: 27126645] 

4. Grosse SD, Nelson RE, Nyarko KA, Richardson LC, Raskob GE. The economic burden of incident 
venous thromboembolism in the United States: a review of estimated attributable healthcare costs. 
Thromb Res. 2016; 137:3–10. DOI: 10.1016/j.thromres.2015.11.033 [PubMed: 26654719] 

5. ISTH Steering Committee for World Thrombosis Day. Thrombosis: a major contributor to global 
disease burden. Thromb Res. 2014; 134(5):931–938. DOI: 10.1016/j.thromres.2014.08.014 
[PubMed: 25312343] 

6. Beckman MG, Hooper WC, Critchley SE, Ortel TL. Venous thromboembolism: a public health 
concern. Am J Prev Med. 2010; 38(suppl 4):S495–S501. DOI: 10.1016/j.amepre.2009.12.017 
[PubMed: 20331949] 

7. Wardrop D, Keeling D. The story of the discovery of heparin and warfarin. Br J Haematol. 2008; 
141(6):757–763. DOI: 10.1111/j.1365-2141.2008.07119.x [PubMed: 18355382] 

8. Granger CB, Alexander JH, McMurray JJ, et al. ARISTOTLE Committees and Investigators. 
Apixaban versus warfarin in patients with atrial fibrillation. N Engl J Med. 2011; 365(11):981–992. 
DOI: 10.1056/NEJMoa1107039 [PubMed: 21870978] 

9. Chai-Adisaksopha C, Crowther M, Isayama T, Lim W. The impact of bleeding complications in 
patients receiving target-specific oral anticoagulants: a systematic review and meta-analysis. Blood. 
2014; 124(15):2450–2458. DOI: 10.1182/blood-2014-07-590323 [PubMed: 25150296] 

10. Coumadin [prescribing information]. Princeton, NJ: Bristol-Myers Squibb; 2016. 

11. Rubin E, Hutterer F, Lieber CS. Ethanol increases hepatic smooth endoplasmic reticulum and drug-
metabolizing enzymes. Science. 1968; 159(3822):1469–1470. [PubMed: 5753555] 

12. Ha CE, Petersen CE, Park DS, Harohalli K, Bhagavan NV. Investigations of the effects of ethanol 
on warfarin binding to human serum albumin. J Biomed Sci. 2000; 7(2):114–121. [PubMed: 
10754385] 

13. Tatsumi A, Ikegami Y, Morii R, Sugiyama M, Kadobayashi M, Iwakawa S. Effect of ethanol on S-
warfarin and diclofenac metabolism by recombinant human CYP2C9.1. Biol Pharm Bull. 2009; 
32(3):517–519. [PubMed: 19252308] 

14. Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for VTE disease: CHEST guideline 
and expert panel report. Chest. 2016; 149(2):315–352. DOI: 10.1016/j.chest.2015.11.026 
[PubMed: 26867832] 

15. You JJ, Singer DE, Howard PA, et al. American College of Chest Physicians. Antithrombotic 
therapy for atrial fibrillation: antithrombotic therapy and prevention of thrombosis, 9th ed: 
American college of chest physicians evidence-based clinical practice guidelines. Chest. 2012; 
141(suppl 2):e531S–e575S. DOI: 10.1378/chest.11-2304 [PubMed: 22315271] 

16. Tanaka-Azevedo AM, Morais-Zani K, Torquato RJS, Tanaka AS. Thrombin inhibitors from 
different animals. J Biomed Biotechnol. 2010; 2010:641025.doi: 10.1155/2010/641025 [PubMed: 
20976270] 

17. Ruff CT, Giugliano RP, Braunwold E, et al. Comparison of the efficacy and safety of new oral 
anticoagulants with warfarin in patients with atrial fibrillation: a meta-analysis of randomised 
trials. Lancet. 2013; 383(9921):955–962. DOI: 10.1016/S0140-6736(13)62343-0 [PubMed: 
24315724] 

18. Patel MR, Mahaffey KW, Garg J, et al. ROCKET AF Investigators. Rivaroxaban versus warfarin in 
nonvalvular atrial fibrillation. N Engl J Med. 2011; 365(10):883–891. [PubMed: 21830957] 

Milling and Frontera Page 11

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Connolly SJ, Ezekowitz MD, Yusuf S, et al. RE-LY Steering Committee and Investigators. 
Dabigatran versus warfarin in patients with atrial fibrillation [erratum in N Engl J Med. 
2010;363(19):1877]. N Engl J Med. 2009; 361(12):1139–1151. DOI: 10.1056/NEJMoa0905561 
[PubMed: 19717844] 

20. Summers RL, Sterling SA. Emergent bleeding in patients receiving direct oral anticoagulants. Air 
Med J. 2016; 35(3):148–155. DOI: 10.1016/j.amj.2016.01.001 [PubMed: 27255877] 

21. Pradaxa [prescribing information]. Ridgefield, CT: Boehringer Ingelheim Pharmaceuticals, Inc; 
2015. 

22. Xarelto [prescribing information]. Titusville, NJ: Janssen Pharmaceuticals, Inc; 2016. 

23. Eliquis [prescribing information]. Princeton, NJ: Bristol-Myers Squibb; 2016. 

24. Savaysa [prescribing information]. Parsippany, NJ: Daiichi Sankyo, Inc; 2016. 

25. Connolly SJ, Eikelbloom J, Dorian P, et al. Betrixaban compared with warfarin in patients with 
atrial fibrillation: results of a phase 2, randomized, dose-ranging study (Explore-Xa). Eur Heart J. 
2013; 34(20):1498–1505. DOI: 10.1093/eurheartj/eht039 [PubMed: 23487517] 

26. Cohen AT, Harrington RA, Goldhaber SZ, et al. EX Investigators. Extended thromboprophylaxis 
with betrixaban in acutely ill medical patients. N Engl J Med. 2016; 375(6):534–544. DOI: 
10.1056/NEJMoa1601747 [PubMed: 27232649] 

27. Giugliano RP, Ruff CT, Braunwald E, et al. ENGAGE AF-TIMI 48 Investigators. Edoxaban versus 
warfarin in patients with atrial fibrillation. N Engl J Med. 2013; 369(22):2093–2104. DOI: 
10.1056/NEJMoa1310907 [PubMed: 24251359] 

28. Huang W, Anderson FA, Rushton-Smith SK, Cohen AT. Impact of thromboprophylaxis across the 
US acute care setting. PLoS One. 2016; 10(3):e01214–1229. DOI: 10.1371/journal.pone.0121429

29. Cohen AT, Tapson VF, Bergmann JF, et al. ENDORSE Investigators. Venous thromboembolism 
risk and prophylaxis in the acute hospital care setting (ENDORSE study): a multinational cross-
sectional study. Lancet. 2008; 371(9610):387–394. DOI: 10.1016/S0140-6736(08)60202-0 
[PubMed: 18242412] 

30. Fitch K, Broulette J, Pyenson B, Iwasaki K, Kwong WJ. Utilization of anticoagulation therapy in 
Medicare patients with nonvalvular atrial fibrillation. Am Health Drug Benefits. 2012; 5(3):157–
168. [PubMed: 24991318] 

31. Sen S, Dahlberg KW. Physician’s fear of anticoagulant therapy in nonvalvular atrial fibrillation. 
Am J Med Sci. 2014; 348(6):513–521. [PubMed: 25285512] 

32. Institute for Safe Medication Practices. [Accessed November 10, 2016] QuarterWatch monitoring 
FDA MedWatch reports: annual report issue. Institute for Safe Medication Practices website. 
https://www.ismp.org/quarterwatch/pdfs/2015Q4.pdf. Published June 29, 2016

33. Barnes GD, Lucas EG, Alexander GC, Goldberger ZD. National trends in ambulatory oral 
anticoagulant use. Am J Med. 2015; 128(12):1300–1305. DOI: 10.1016/j.amjmed.2015.05.044 
[PubMed: 26144101] 

34. Kaatz S, Kouides PA, Garcia DA, et al. Guidance on the emergent reversal of oral thrombin and 
factor Xa inhibitors. Am J Hematol. 2012; 87(suppl 1):S141–S145. DOI: 10.1002/ajh.23202 
[PubMed: 22473649] 

35. Streiff MB, Brady J, Grant AM, Grosse SD, Wong B, Popovic T. CDC. CDC Grand Rounds: 
Preventing Hospital Associated Venous Thromboembolism. MMWR Morb Mortal Wkly Rep. 
2014; 63(9):190–193. [PubMed: 24598595] 

36. [Accessed November 23, 2016] SEER stat fact sheets: breast cancer. National Cancer Institute 
website. https://seer.cancer.gov/statfacts/html/breast.html

37. Office of the Surgeon General (US); National Heart, Lung, and Blood Institute (US). The Surgeon 
General’s Call to Action to Prevent Deep Vein Thrombosis and Pulmonary Embolism. Rockville 
(MD): Office of the Surgeon General (US); 2008. Section I: Deep vein thrombosis and pulmonary 
embolism as major public health problems; p. 9-18.https://www.ncbi.nlm.nih.gov/books/
NBK44178/ [Accessed March 14, 2017]

38. Cohen AT, Agnelli G, Anderson FA, et al. VTE Impact Assessment Group in Europe (VITAE). 
Venous thromboembolism (VTE) in Europe. Thromb Haemost. 2007; 98(4):756–764. DOI: 
10.1160/TH07-03-0212 [PubMed: 17938798] 

Milling and Frontera Page 12

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ismp.org/quarterwatch/pdfs/2015Q4.pdf
https://seer.cancer.gov/statfacts/html/breast.html
https://www.ncbi.nlm.nih.gov/books/NBK44178/
https://www.ncbi.nlm.nih.gov/books/NBK44178/


39. Anderson FA Jr, Zayaruzny M, Heit JA, Fidan D, Cohen AT. Estimated annual numbers of US 
acute-care hospital patients at risk for venous thromboembolism. Am J Hematol. 2007; 82(9):777–
782. DOI: 10.1002/ajh.20983 [PubMed: 17626254] 

40. Jha AK, Larizgoitia I, Audera-Lopez C, Prasopa-Plaizier N, Waters H, Bates DW. The global 
burden of unsafe medical care: analytic modeling of observational studies. BMJ Qual Saf. 2013; 
22(10):809–815. DOI: 10.1136/bmjqs-2012-001748

41. Amin AN, Lin J, Thompson S, Wiederkehr D. Real-world rates of in-hospital and postdischarge 
deep-vein thrombosis and pulmonary embolism in at-risk medical patients in the United States. 
Clin Appl Thromb Hemost. 2011; 17(6):611–619. DOI: 10.1177/1076029611405035 [PubMed: 
21593021] 

42. Ustrell X, Pellisé A. Cardiac workup of ischemic stroke. Curr Cardiol Rev. 2010; 6(3):175–183. 
DOI: 10.2174/157340310791658721 [PubMed: 21804776] 

43. Kottke-Marchant, K. The role of coagulation in arterial and venous thrombosis. In: Askari, AT., 
Loncoff, AM., editors. Antithrombotic Drug Therapy in Cardiovascular Disease. 1. London, NY: 
Humana Press; 2010. p. 19-38.

44. Bauersachs R, Berkowitz SD, Brenner B, et al. EINSTEIN Investigators. Oral rivaroxaban for 
symptomatic venous thromboembolism. N Engl J Med. 2010; 363(26):2499–2510. DOI: 10.1056/
NEJMoa1007903 [PubMed: 21128814] 

45. Bauer KA. Pros and cons of new oral anticoagulants. Hematology Am Soc Hematol Educ Program. 
2013; (1):464–470. DOI: 10.1182/asheducation-2013.1.464 [PubMed: 24319220] 

46. Frontera JA, Lewin JJ, Rabinstein AA. Guideline for reversal of antithrombotics in intracranial 
hemorraghe: a statement for healthcare professionals from the neurocritical care society and 
society of critical care medicine. Neurocrit Care. 2016; 24(1):6–46. DOI: 10.1007/
s12028-015-0222-x [PubMed: 26714677] 

47. Praxbind [prescribing information]. Ridgefield, CT: Boehringer Ingelheim Pharmaceuticals, Inc; 
2015. 

48. Pollack CV Jr, Reilly PA, Eikelboom J, et al. Idarucizumab for dabigatran reversal. N Engl J Med. 
2015; 373(6):511–520. DOI: 10.1056/NEJMoa1502000 [PubMed: 26095746] 

49. Deitelzweig S, Neuman WR, Lingohr-Smith M, Menges B, Lin J. Incremental economic burden 
associated with major bleeding among atrial fibrillation patients treated with factor Xa inhibitors. 
Ann Emerg Med. 2016; 68(4):S18.doi: 10.1016/j.annemergmed.2016.08.052

50. Nutescu EA, Dager WE, Kalus JS, Lewin JJ, Cipolle MD. Management of bleeding and reversal 
strategies for oral anticoagulants: clinical practice considerations. Am J Health Syst Pharm. 2013; 
70(21):1914–1929. DOI: 10.2146/ajhp130243 [PubMed: 24128967] 

51. Heidbuchel H, Verhamme P, Alings M, et al. Updated European Heart Rhythm Association 
practical guide on the use of non-vitamin K antagonist anticoagulants in patients with non-valvular 
atrial fibrillation. Europace. 2015; 17(10):1467–1507. DOI: 10.1093/europace/euv309 [PubMed: 
26324838] 

52. Lee LH. DOACs-advances and limitations in real world. Thromb J. 2016; 14(suppl 1):17.doi: 
10.1186/s12959-016-0111-3 [PubMed: 27766043] 

53. Amin A, Bruno A, Trocio J, Lin J, Lingohr-Smith M. Real-world medical cost avoidance when 
new oral anticoagulants are used versus warfarin for venous thromboembolism in the United 
States. Clin Appl Thromb Hemost. 2016; 22(1):5–11. DOI: 10.1177/1076029615585991 
[PubMed: 25993994] 

54. Harrington AR, Armstrong EP, Nolan PE, Malone DC. Cost-effectiveness of apixaban, dabigatran, 
rivaroxaban, and warfarin for stroke prevention in atrial fibrillation. Stroke. 2013; 44(6):1676–
1681. DOI: 10.1161/STROKEAHA.111.000402 [PubMed: 23549134] 

55. Janzic A, Kos M. Cost effectiveness of novel oral anticoagulants for stroke prevention in atrial 
fibrillation depending on the quality of warfarin anticoagulation control. Pharmacoeconomics. 
2015; 33(4):395–408. DOI: 10.1007/s40273-014-0246-7 [PubMed: 25512096] 

56. Singh SM, Wijeysundera HC. Cost-effectiveness of novel oral anticoagulants for stroke prevention 
in non-vavular atrial fibrillation. Curr Cardiol Rep. 2015; 17(8):61.doi: 10.1007/
s11886-015-0618-4 [PubMed: 26081245] 

Milling and Frontera Page 13

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



57. Chang AM, Ho JCS, Yan BP, Yu CM, Lam YY, Lew VW. Cost-effectiveness of dabigatran 
compared with warfarin for stroke prevention in patients with atrial fibrillation—a real patient data 
analysis in a Hong Kong teaching hospital. Clin Cardiol. 2013; 36(5):280–285. DOI: 10.1002/clc.
22112 [PubMed: 23494609] 

58. Kasmeridis C, Apostolakis S, Ehlers L, Rasmussen LH, Boriani G, Lip GY. Cost effectiveness of 
treatments for stroke prevention in atrial fibrillation: focus on the novel oral anticoagulants. 
Pharmacoeconomics. 2013; 31(11):971–980. DOI: 10.1007/s40273-013-0090-1 [PubMed: 
24085625] 

59. Chevalier J, Delaitre O, Hammès F, de Pouvourville G. Cost-effectiveness of dabigatran versus 
vitamin K antagonists for the prevention of stroke in patients with atrial fibrillation: a French payer 
perspective. Arch Cardiovasc Dis. 2014; 107(6–7):381–390. DOI: 10.1016/j.acvd.2014.04.009 
[PubMed: 24973113] 

60. Beyer-Westendorf J, Forster K, Pannach S, et al. Rates, management, and outcome of rivaroxaban 
bleeding in daily care: results from the Dresden NOAC registry. Blood. 2014; 124(6):955–962. 
DOI: 10.1182/blood-2014-03-563577 [PubMed: 24859362] 

61. Tamayo S, Peacock WF, Patel M, et al. Characterizing major bleeding in patients with nonvalvular 
atrial fibrillation: a pharmacovigilance study of 27 467 patients taking rivaroxaban. Clin Cardiol. 
2015; 38(2):63–68. DOI: 10.1002/clc.22373 [PubMed: 25588595] 

62. Gomez-Outes A, Lecumberri R, Suarez-Gea ML, Terleira-Fernández AI, Monreal M, Vargas-
Castrillon E. Case fatality rates of recurrent thromboembolism and bleeding in patients receiving 
direct oral anticoagulants for the initial and extended treatment of venous thromboembolism: a 
systematic review. J Cardiovasc Pharmacol Ther. 2015; 20(5):490–500. DOI: 
10.1177/1074248415575154 [PubMed: 25802423] 

63. Büller HR, Prins MH, Lensin AW, et al. EINSTEIN–PE Investigators. Oral rivaroxaban for the 
treatment of symptomatic pulmonary embolism. N Engl J Med. 2012; 366(14):1287–1297. DOI: 
10.1056/NEJMoa1113572 [PubMed: 22449293] 

64. Agnelli G, Buller HR, Cohen A, et al. AMPLIFY Investigators. Oral apixaban for the treatment of 
acute venous thromboembolism. N Engl J Med. 2013; 369(9):799–808. DOI: 10.1056/
NEJMoa1302507 [PubMed: 23808982] 

65. Schulman S, Kearon C, Kakkar AK, et al. RE-COVER Study Group. Dabigatran versus warfarin in 
the treatment of acute venous thromboembolism. N Engl J Med. 2009; 361(24):2342–2352. DOI: 
10.1056/NEJMoa0906598 [PubMed: 19966341] 

66. Schulman S, Kakkar AK, Goldhaber SZ, et al. COVER II Trial Investigators. Treatment of acute 
venous thromboembolism with dabigatran or warfarin and pooled analysis. Circulation. 2014; 
129(7):764–772. DOI: 10.1161/CIRCULATIONAHA.113.004450 [PubMed: 24344086] 

67. Büller HR, Décousus H, Grosso MA, et al. Hokusai-VTE Investigators. Edoxaban versus warfarin 
for the treatment of symptomatic venous thromboembolism. N Engl J Med. 2013; 369(15):1406–
1415. DOI: 10.1056/NEJMoa1306638 [PubMed: 23991658] 

68. Goldhaber SZ, Leizorovicz A, Kakkar AK. ADOPT Trial Investigators. Apixaban versus 
enoxaparin for thromboprophylaxis in medically ill patients. N Engl J Med. 2011; 365(23):2167–
2177. DOI: 10.1056/NEJMoa1110899 [PubMed: 22077144] 

69. Cohen AT, Spiro TE, Büller HR, et al. MAGELLAN Investigators. Rivaroxaban for 
thromboprophylaxis in acutely ill medical patients. N Engl J Med. 2013; 368(6):513–523. DOI: 
10.1056/NEJMoa1111096 [PubMed: 23388003] 

70. Cohen AT, Harrington RA, Goldhaber SZ, et al. APEX Investigators. Extended 
thromboprophylaxis with betrixaban in acutely ill medical patients. N Engl J Med. 2016; 375(6):
534–544. DOI: 10.1056/NEJMoa1601747 [PubMed: 27232649] 

71. Piccini JP, Garg J, Patel MR, et al. ROCKET AF Investigators. Management of major bleeding 
events in patients treated with rivaroxaban vs. warfarin: results from the ROCKET AF trial. Eur 
Heart J. 2014; 35(28):1873–1880. DOI: 10.1093/eurheartj/ehu083 [PubMed: 24658769] 

72. Deitelzweig, S., Neuman, WR., Lingohr-Smith, M., Lin, J. Hospital resource utilization, cost, and 
inpatient mortality associated with hospitalizations for major bleeding among atrial fibrillation 
patients treated with factor Xa inhibitors. Poster presented at: European Society of Cardiology 
Congress; August 27–31, 2016; Rome, Italy. 

Milling and Frontera Page 14

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



73. Connolly SJ, Eikelboom J, Joyner C, et al. AVERROES Steering Committee and Investigators. 
Apixaban in patients with atrial fibrillation. N Engl J Med. 2011; 364(9):806–817. DOI: 10.1056/
NEJMoa1007432 [PubMed: 21309657] 

74. Eikelboom JW, Connolly SJ, Brueckman M, et al. RE-ALIGN Investigators. Dabigatran versus 
warfarin in patients with mechanical heart valves. N Engl J Med. 2013; 369(13):1206–1214. DOI: 
10.1056/NEJMoa1300615 [PubMed: 23991661] 

75. Held C, Hylek EM, Alexander JH, et al. Clinical outcomes and management associated with major 
bleeding in patients with atrial fibrillation treated with apixaban or warfarin: insights from the 
ARISTOTLE trial. Euro Heart J. 2015; 36(20):126–1272. DOI: 10.1093/eurheartj/ehu46

76. Hankey GJ, Stevens SR, Piccini JP, et al. ROCKET AF Steering Committee and Investigators. 
Intracranial hemorrhage among patients with atrial fibrillation anticoagulated with warfarin or 
rivaroxaban the rivaroxaban once daily, oral, direct factor Xa inhibition fompared with vitamin K 
antagonism for prevention of stroke and embolism trial in atrial fibrillation. Stroke. 2014; 45(5):
1304–1312. DOI: 10.1161/STROKEAHA.113.004506 [PubMed: 24743444] 

77. Milling, JT., Feronti, C., Clark, CL., et al. Treatment patterns and outcomes of patients receiving 
oral factor Xa inhibitors or LMWH who experienced life threatening intracranial hemorrhage: a 
retrospective chart review. Poster presented at: 2016 Neurocritical Care Society Annual Meeting; 
September 15–18, 2016; National Harbor, MD. 

78. Milling JT, Clark CL, Feronti C, et al. Impact of management strategies on resource utilization and 
outcomes of patients receiving factor Xa inhibitors or Low Molecular Weight Heparin admitted for 
gastrointestinal bleeding. J Manag Care Spec Pharm. 2016; 22(10-a):S28.

79. Nielsen PB, Larsen TB, Skjoth F, Gorst-Rasmussen A, Rasmussen LH. Restarting anticoagulant 
treatment after intracranial hemorrhage in patients with atrial fibrillation and the impact on 
recurrent stroke, mortality, and bleeding. Circulation. 2015; 132(6):517–525. DOI: 10.1161/
CIRCULATIONAHA.115.015735 [PubMed: 26059010] 

80. Sengupta N, Feuerstein JD, Patwardhan VR, et al. The risks of thromboembolism vs. recurrent 
gastrointestinal bleeding after interruption of systemic anticoagulation in hospitalized inpatients 
with gastrointestinal bleeding: a prospective study [erratum in Am J Gastroenterol. 2015;110(3):
480. doi: 10.1038/ajg.2015.41]. Am J Gastroenterol. 2015; 110(2):328–335. DOI: 10.1038/ajg.
2014.398 [PubMed: 25512338] 

81. Baker, RI., Curnow, J., Brighton, T., et al. Anticoagulant reversal and events study (ARES) 
collaborative-initial results. Presented at: 60th Annual Meeting of the Scientific and 
Standardization Committee of the International Society on Thrombosis and Haemostasis; June 23–
26, 2014; Milwaukee, WI. Poster COA37

82. Pollack, CV., Jr, Reilly, PA., van Ryn, J., et al. RE-VERSE AD Investigators. Updated results of the 
RE-VERSE AD study idarucizumab reverses the anticoagulant effects of diabigatran in patients in 
an emergency setting of major bleeding, urgent surgery, or interventsions. Presented at: American 
Heart Association Scientific Sessions; November 12–16, 2016; New Orleans, LA. 2016. 

83. Christos S, Naples R. Anticoagulation reversal and treatment strategies in major bleeding: update 
2016. West J Emerg Med. 2016; 17(3):264–270. DOI: 10.5811/westjem.2016.3.29294 [PubMed: 
27330657] 

84. Milling TJ Jr, Kaatz S. Preclinical and clinical data for factor Xa and “universal” reversal agents. 
Am J Med. 2016; 129(11S):S80–S88. DOI: 10.1016/j.amjmed.2016.06.009 [PubMed: 27575436] 

85. Siegal DM, Curnutte JT, Connolly SJ, et al. Andexanet alfa for the reversal of factor Xa inhibitor 
activity. N Engl J Med. 2015; 373(25):2413–2424. DOI: 10.1056/NEJMoa1510991 [PubMed: 
26559317] 

86. Connolly SJ, Milling TJ Jr, Eikelboom JW, et al. ANNEXA-4 Investigators. Andexanet alpha for 
acute major bleeding associated with factor Xa inhibitors. N Engl J Med. 2016; 375(12):1131–
1141. DOI: 10.1056/NEJMoa1607887 [PubMed: 27573206] 

87. Crowther M, Vandana M, Kitt M, et al. A phase 2 randomized, double-blind, placebo-controlled 
trial demonstrating reversal of rivaroxaban-induced anticoagulation in healthy subjects by 
andexanet alfa (PRT064445), an antidote for Fxa inhibitors. Blood. 2013; 122(21):3636.

88. Crowther MA, Levy G, Lu G, et al. A phase 2 randomized, double-blind, placebo-controlled trial 
demonstrating reversal of edoxaban-induced anticoagulation in healthy subjects by andexanet alfa 

Milling and Frontera Page 15

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(PRT064445), a universal antidote for factor Xa (fXa) inhibitors. Blood. 2014; 124(21) Abstract 
2469. 

89. Crowther M, Lu G, Conley P, et al. Sustained reversal of apixaban anticoagulation with andexanet 
alfa using a bolus plus infusion regimen in a phase 2 placebo controlled trial. Eur Heart J. 2014; 
35(suppl):137. Abstract P738. 

90. Crowther M, Levy G, Lu G, et al. Reversal of enoxaparin induced anticoagulation in healthy 
subjects by andexanet alfa (PRT064445), an antidote for direct and indirect fXa inhibitors-a phase 
2 randomized, double-blind, placebo-controlled trial. J Thromb Haemost. 2014; 12(suppl 1):7. 
Abstract COA01. 

91. Crowther, M., Lu, G., Leeds, JM., et al. Reversal of betrixaban-induced anticoagulation in healthy 
volunteers by andexanet alfa. Presented at: 58th American Society of Hematology; December 3–6, 
2016; San Diego, CA. Abstract 143. https://ash.confex.com/ash/2016/webprogram/
Paper91679.html

92. Connolly SJ, Gibson CM, Crowther M. Andexanet alfa for factor Xa inhibitor reversal. N Engl J 
Med. 2016; 375(25):2499–2500. DOI: 10.1056/NEJMc1613270

93. Weitz JI, Eikelboom JW. Ciraparantag for enoxaparin reversal: adding to the evidence. Thromb 
Res. 2016; 146:106–107. DOI: 10.1016/j.thromres.2016.08.013 [PubMed: 27544033] 

94. Ansell JE, Bakhru SH, Laulicht BE, et al. Single-dose ciraparantag safely and completely reverses 
anticoagulant effects of edoxaban. Thromb Haemost. 2017; 117(2):238–245. DOI: 10.1160/
TH16-03-0224 [PubMed: 27853809] 

95. Ansell JE, Laulicht BE, Bakhru SH, Hoffman M, Steiner SS, Costin JC. Ciraparantag safely and 
completely reverses the anticoagulant effects of low molecular weight heparin. Thromb Res. 2016; 
146:113–118. DOI: 10.1016/j.thromres.2016.07.008 [PubMed: 27470323] 

Milling and Frontera Page 16

Am J Manag Care. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://ash.confex.com/ash/2016/webprogram/Paper91679.html
https://ash.confex.com/ash/2016/webprogram/Paper91679.html


FIGURE 1. 
Anticoagulation Therapy10,21–25,43

I indicates factor I; Ia, factor Ia; II, factor II; IIa, factor IIa; IX, factor IX; IXa, factor IXa; 

Va, factor Va; VII, factor VII; VIIa, factor VIIa; VIIIa, factor VIIIa; X, factor X; Xa, factor 

Xa; XI, factor XI; XIa, factor XIa; XII, factor XII; XIIa, factor IIa; XIIIa, factor XIIIa.
aBetrixaban is an investigational drug.
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FIGURE 2. 
Usage of DOACs Over Time33

DOAC indicates direct oral anticoagulant.

Reprinted from Barnes GD, Lucas EG, Alexander GC, Goldberger ZD. Am J Med.

2015;128(12):1300–1305. doi: 10.1016/j.amjmed.2015.05.044, with permission from 

Elsevier.
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FIGURE 3. 
Types of DOAC-Associated Major Bleeds8,18,19,27,44,62–67,71

DOAC indicates direct oral anticoagulant.
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FIGURE 4. 
Increased Mortality and Thromboembolic Risk After a Major Bleed60,71,75,81

ICH indicates intracranial hemorrhage; MI, myocardial infarction.
aThe ROCKET AF trial was designed to compare rivaroxaban with warfarin for the 

prevention of stroke in patients with atrial fibrillation. Major and nonmajor clinically 

relevant bleeding events were evaluated as the primary safety end point.
aMedian time to stroke or systemic embolism, 64 days (range: 16–249 days); median time to 

myocardial infarction/unstable angina, 282 days (range: 9–485 days).
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TABLE 1

Direct Oral Anticoagulants21–26

Anticoagulant Indications FDA-Approved Reversal Agent

FXa inhibitors

Rivaroxaban

• To reduce the risk of SSE in patients with NVAF

• For the treatment of DVT and PE

• For the reduction in the risk of recurrence of DVT and of PE following the 
initial 6 months treatment for DVT and/or PE

• For the prophylaxis of DVT, which may lead to PE in patients undergoing 
knee or hip replacement surgery

None

Apixaban

• To reduce the risk of SSE in patients with NVAF

• For the prophylaxis of DVT, which may lead to PE in patients who have 
undergone hip or knee replacement surgery

• For the treatment of DVT and PE

• To reduce the risk of recurrent DVT and PE following initial therapy

None

Edoxaban

• To reduce the risk of SSE in patients with NVAF

• For the treatment of DVT and PE following 5 to 10 days of initial therapy 
with a parenteral anticoagulant

None

Betrixaban

• Investigational agent; not yet FDA-approved.

• Being investigated for extended-duration, hospital-associated prevention of 
VTE in acute medically ill patients.

None

Thrombin Inhibitor

Dabigatran

• To reduce the risk of SSE in patients with NVAF

• For the treatment of DVT and PE in patients who have been treated with a 
parenteral anticoagulant for 5 to 10 days

• To reduce the risk of recurrence of DVT and PE in patients who have been 
previously treated

• For the prophylaxis of DVT and PE in patients who have undergone hip 
replacement surgery

Idarucizumab

DVT indicates deep vein thrombosis; FXa, factor Xa; NVAF, nonvalvular atrial fibrillation; PE, pulmonary embolism; SSE, stroke or systemic 
embolism; VTE, venous thromboembolism.
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